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HYDROXIDE-GEL COAGULATION AND PRE-COAT FILTRATION OF ARSENIC 
FROM DRINKING AND PROCESS WATER 



BACKGROUND OF THE INVENTION 
Arsenic is a naturally occurring element in the earth's crust and can be found in many 
natural ecosystems. Mining of ores containing arsenic releases it into the soil. Burning of arsenic 
containing fossil foels, volcanic eruptions and weathering processes also introduce substantial 
amoimts of arsenic into the environment. Various industrial activities such as smelting, 
petroleum refining, pesticide and herbicide manufactuiing, glass and ceramic production 



^ generate arsenic containing wastewater. Its presence in natural waters may originate fiom 
■s^ geochemical reactions, industrial waste discharges or agricultural use of pesticides containing 
^ arsenic (Gapta. and Chen, 1978). Most of the gold and sUver ores are closely associated with 

m arsenic compounds. Arsenic is present in the gold cyanidation process. It is present in gold 
extraction processes, wMchutili2« roasting, pressure autoclaving and other oxidation pal^^ 

^ . The major issue in studies related to arsoiic in the enviionmait has involved its 

deleterious effects on the environment Arsenic is mobile within the environment and may 
chxmlate many times in various forms through the atmosphere, water and soil before finally 
entering to sediments (Ahmann et al., 1997). 

Hypeipigmentation. skin cancer, Kver cancer, circulatory disorders, and other aihnents 
have been attributed to the presence of arsenic in water (National Academy of Sciences, 1977; 
National Research Council, 1999). The United States Environmental Protection Agency 
(USEPA) has identified arsenic as a group A "known" carcinogen. This classification is based on 
sufficient evidence of carcinogenicity from human data involving occupational and drinking 
water exposures. Arsenic presents a potential health problem due to its toxicity. In response to 
these health concerns, the USEPA, in January 2001. promulgated the new Arsenic rule that 



lowered the maxiimjm contaminant level (MCL) in drinking water to 10 \ig/L (10 ppb) for both 
community and non-transient, non-community water systems. Previously, the Safe Drinking 
Water Act (SDWA) had a minimum standard of 50 ppb. EPA lowered the standard based on 
reconunendadons by the National Research Council (1999) who reviewed scientific studies on 
health effects of arsenic on human populations. At present, ^proximately 4000 drinking water 
systems in the U.S. will need to comply with the new standard by January 2006, and many of 
these systems are located in rural areas of the West Conventional water treatment systems will 
cost the nation between $180 and $725 million to meet the 10 ppb standard set by EPA. 

Chemistry of Arsenic 

Arsenic occurs in inorganic form in aquatic environments, resulting firom the dissolution 
of solid phases such as arsenolite (AS2O3), arsenic anhydride (AS2O5) and realgar (AsSa). Tlie 
chemistry of arsenic in aquatic systems is complex because the element can be stable in four 
major oxidation states (+5, +3, 0 and -3) under different redox conditions. In natural waters 
arsenic is found as an anion with add characteristics in only the As(III) and As(V) oxidation 
states. In oxygenated waters, the oxyanions of arsenic exist in four different arsenate species as 
H3ASO4, H2ASO4', HsAsOa^' and As04^" in the pH ranges of <2, 3-6, 8-10 and >12, respectively. 
Arsenite is more likely to be found in oxygen free (anaerobic) groundwater, while arsenate is 
more common in aerobic sur&ce water. Arsenite ion is oxidized to arsenate in the presence of 
i^. oxygen chlorine or potassium permanganate. Therefore under neutral conditions and acidic 
conditions, As(II]^ exists as a neutral species and cannot be adsorbed by an adsorbent based on 
ionic interaction alone. The chemistry of arsenic is more fully described in U.S. Patent 
6,197,201. 

Several methods for reducing arsenic concentrations to acceptable levels have been 
studied and are being used currently. These methods include coagulation and precipitation using 
ferric chloride and sulfate, ion exchange, reverse osmosis and adsorption using activated carbon 
and aliunina. These methods are effective to a certain extent. However, these methods are 
considerably more expensive and generally narrower in application than is desired for the 
treatment of large volumes of water. 
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The use of ferric chloride, hydrated lime, sodium sulfate and alum to coagulate water 
containing arsenic has been described (Harper and Kingham, 1992). These mefliods reqvure 
multiple treatments of water with coagulation chemicals and large amounts of chemicals relative 
to the amount of arsenic present to obtain the desired reduction in arsenic concentration. In 
addition, the methods produce sludge that requires dewatering or soUdification and eventually 
landfill storage as hazardous waste. Also, the ferric chloride process requires pH of less than 6.5 
(Merrill etal., 1987), 

A method of precipitating arsenite and arsenate ions £rom aqueous solutions using 
yttrium carbonate at alkaline pH has also been described (Wasay et al., 1996). This method 
requires strict control of pH to achieve removal sufficient to comply with environmental 
standards. In addition, the effective pH range was feund to depend on which arsenic species was 
desired to be precipitated. 

United States Patent 3,956,118 discloses a process for removing phosphate ions fi-om 
waste waters using a rare earth salt. However, the disclosed process is limited to removal of 
phosphates. 

Recently new adsorbents, lanthanum oxide and lanthanum-alumina oxide, have been used 
for removing arsenate and arsenite species from solution (U.S. Patent No. 5,603,838, 1995). This 
patent discloses that lanthanimi oxide alone or in conjxmction with alumina solids and other 
oxides can remove arsenic to low levels (<50 ppb). Also, the adsorption kinetics were found to 
be extremely fast compared to other adsorbents such as alumina (Davis and Misra, 1997; Misra 
and Adutwum, 2000; Misra et al., 1997; Rawat and Misra, 1998). 

A novel precipitation process developed by Misra et al. (U.S. Patent No. 6,197,201) uses 
lanthanum chloride and optionally other salts to selectively coprecipitate arsenite and arsenate 
from process water (Misra et aL, 2000; Nanor, Misra, and Chen, 1999; Nanor and Misra, 1998)* 

General drawbacks of the processes discussed above include inefficient removal of 
arsenic to an acceptably low level for drinking water and discharge into ground water, the 



problem of filtration of precipitated sludge and fouling of resins and membranes. In addition, 
once the arsenic species are ranoved, the solid materials formed must be disposed of. The solid 
materials formed fi:om the processes above are also susceptible to leaching of the metals at a 
future time. f 

There is a need to find a hi^y selective and inexpensive reagent, which effectively 
precipitates and stabilizes arsenate and arsenite species over a wide pH range, from solutions or 
solids/liquid mixtures. There is also a need to find an inexpensive, suitable media for the 
filtration of adsorbed arsenic species. 

BRIEF SUMMARY OF THE INVENTION 
This invention is in the field of removal of toxic metals from aqueous solutioi^ and 
1^ stabilizing toxic metals, specifically removal of arsenic from aqueous solutions and drinking 

[4 water. 

H 
\*^^ 

It was found that lanthanum hydroxide is a powerful reagent to precipitate arsenic as 
arsenite and arsenate ions, for example from aqueous solution at various pHs. The lanthanum 
hydroxide used can be pure or can be nwxed with other elements of the lanthanide series. 
Lanthanum hydroxide can also be used in combination with other metals such as ferric 
hydroxide, magnesium hydroxide, sodium hydroxide and/or alumimmi hydroxide. A preferred 
embodiment is the combination of iron chloride and lanthanum chloride at various ratios which 
form mixed metal salt hydroxide gels which are used to remove arsenic from solutions, as 
described herein. When a small amount of lanthanum chloride is added to solutions containing 
arsenite and arsenate in the presence of ferric ions, the ions substantially precipitate from the 
solution. The resultant precipitant is extremely stable and easy to filter. The precipitant may be 
filt^ed through a bed of diatomaceous earth (DE filter bed or DE bed), for example. 
Alternatively, a pre-coat DE bed may be used, where the DE is coated on a filter screen and the 
arsenic-containing solution is passed through the pre-coat DE bed. The filter screen may be 
polyethylene, for example, or other suitable material as known to one of ordinary skill in the art. 
DE coated with hydroxide-gels can be used to coagulate arsenic which can finrfher be filtered 
through a second DE bed or pre-coat DE bed, if necessary to reduce the concentration of arsenic 
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to a desired leveL Generally, the DE filter bed is made by filtering water conditioned with DB 
flirou^ a screen. The thickness of the DE bed ranges from Vz inch to several inches thick; as 
known by one of ordinary skill in the art 

Specifically, provided is a method of removing arsenic firom arsenic-containing water 
comprising: contacting said water with a composition comprising a metal salt hydroxide-gel; 
and passing said composition through a filter, whereby arsenic-removed water is formed. The 
filter is preferably a DE filter bed or a pre-coat DE filter bed. 

Also provided is a method of removing arsenic from arsenic-containing water comprising: 
coating DE with one or more metal salt hydroxide-gels to form DE pre-coated hydroxide-gels; 
and contacting said arsenic-containing water with said DE pre-coated hydroxide-gels. 

In preferred methods of the invention, the metal salt hydroxide-gel is precipitated from one 
or more members of the group consisting of: lanthanxmi chloride, lanthanum nitrate, lanthanum 
carbonate, other rare earth salts, ferric chloride, ferric sulfate, magnesium chloride, magnesium 
nitrate, magnesium carbonate, aluminum chloride, alimiinum nitrate, aluminum sulfate, and 
sodium aluminate. Other salts may be used, as known in the art. Hydroxide salts, such as 
La(OH)3 may also be used differently to form the metal salt hydroxide-gel, without precipitating 
from another metal salt. 

The methods of the invention are carried out at a pH which is sufficient to allow the desired 
reactions to occur, preferably between about 2 to about 14, more preferably between about 4 to 
about 10. The metal salt hydroxide-gel is contacted witii the arsenic-containing water for a 
suitable time to allow the desired level of arsenic reduction to occur, typically betwem about 1 
minute to about 30 minutes. The methods of the invention remove arsenic from arsenic- 
containing water having a variety of concentrations of arsenic, preferably about 10 ppb to several 
ppm. The arsenic-containing water may contain one or more species of arsenic, such as arsenite 
and arsenate. The methods of the invention may be used to treat any water, including raw water, 
well water, drinking water (chlorinated or not), and process water. 
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Preferably, the metal salt hydroxide-gel comprises lanthanum and iron, preferably at weight 
ratios of between about 1:1 and 1:10. 

In the methods of the invention, the filter is preferably selected from the group consisting 
of: diatameous earth (DE), cellulose, and perlite, but any suitable material may be used, as 
known in the art. The arsenic-containing water is contacted with the metal salt hydroxide-gel by 
any means known in the art, including mechanical mixing, ultrasonic mixing, mixing in-line 
using an atomizer, mixing in-line using venturi and using metering pumps. The methods of flie 
invention may further comprise separating the arsenic-removed water from the arsenic- 
containing hydroxide-gels. This separating may be accomplished by any means known in the 
art, including settling, DE-assisted setfling, flotation of hydroxide-gels or DE-assisted 
cmtrifiige. The arsenic-containing sludge, consisting of hydroxide-gel and DE, is stable. 
^ Arsenic containing shidge passes the Toxicity Characteristics Leaching Procedure (TCLP) test. 

. DE filter aids are generally used in two different modes: as a precoat, wherein the DB 

acts as the solid/liquid separation surface barrier (albeit with some depth), and as body feed. 

Si wherein the DE acts to maintain a permeable cake structure and create a de-facto depth filtration. 
These two modes are used both in combination and individually, depending on the type and 

I degree ofdifficulty of the filtration. 

|J* For precoat applications, the DE must be able to form a barrier tight enough to provide 

^ the desured clarity of filtrate, while at the same time be as open as possible to provide maximum 

filtrate fhrouglq)ut. When used as a body feed or ad-mix, the filter aid must be just tight enou^ 

to prevent migration of trapped solids through the forming cake. 

The DE precoat is formed by passing a dilute suspension (generally less than 5% by 
weight) of DE in process water over a septum or screen. The septum serves as a support 
structure for the formation of the DE precoat. As the slurry passes through the septrnn, the DE 
solids are trapped on its surface and a precoat is formed. The precoat thickness can be as little as 
1 .5 mm and still provide adequate solid / liquid separation during subsequent filtration. The 
driving force during formation of the precoat can be eitiier negative (vacuum) or positive 
pressure. The openings in the septum should be just small enough to trap the DE particles, but 
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can be highly variable in size and geometry. The septum can be constructed of any materials 
con:^atibIe with water, including stainless steel and polyethylene. 



DETAILED DESCRIPTION OF THE INVENTION 
As used herein, "removing" means the concentration is reduced to a desired level. For 
example, "removing arsenic from arsenic-containing water" means reducing the concentration of 
arsenic, preferably in the form of arsenite and arsenate, in arsenic-containmg water to a desired 
level, preferably to a concentration below 10 ppb, "Arsoaic-containing water" may contain other 
elements other than arsenic. "Aqueous solution" refers to a solution in which water is tide 
dissolving medium or solvent. A "precipitating conqjosition" refers to any of the agents 
described herein that cause precipitation or stabilization of the ions of interest. A "solid" material 
refers to the resultant material formed from the contacting of Ihe precipitating composition with 
the aqueous solution. Solid materials formed include amorphous materials and crystalline 
materials or mixtures. The pH of the aqueous solution is adjusted by any means known by one 
skilled in the art, including addition of calcium, hydroxide and sodium hydroxide to raise the pH 
W or acid to lower the pH. A "concentration effective for removing at least one ion" refers to the 
concentration of precipitatrag composition required to remove a measurable amount of the 
selected ion. "Lanthanum chloride" refers to both pure and impure lanthanum chloride. Impure 
'9 lanthaniun chloride can contain various elements of the lanthanide series in addition to 
^ • lanthanum. The lanthanide series of elemrats includes . the elements lanthanmn, cenum, 
praseodymium, neodymium, etc. Ferric hydroxides can be prepared from ferric chloride, ferric 
sulfete, and ferric nitrate, as known in the art. Other metal hydroxides can be prepared from 
. other metal salts by mixing with lime, caustic, and magnesium oxide, as known in the art. As 
used herein^ "contacting" means the arsenic-containing water and tiie metal salt hydroxide-gel 
are placed toother so that the desired reaction occurs to the desired extent As used herein, a 
"metal salt hydroxide-^l" is a hydroxide formed from a metal salt, which can be used in the 
methods of the invention to remove arsenic from arsenic-contaiiung water. "Metal salt 
hydroxide gels" are hydroxides of metals formed from metal salts other than hydroxides 
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The processes of this invention achieve the removal of more than 99% of arsenic species 
in an aqueous solution. Concenlrations of less than 5 parts per billion arsenic are achievable. 

Solutions containing arsenic ions are contacted with a precipitating composition. For the 
removal or stabilization of arsenic ions, such conq)ositions comprise from about 10-5000 moles 
of lanthanum for every mole of arsenic ions in solution. The con5)ositions can comprise ferric 
ions in concentrations from about 1 mole to about 500 moles feme ions for every mole of arsenic 
ion. The compositions can also optionally contam various elements of the lanlhanide series and 
other metals. 



^ The solution should remain in contact with the precipitating composition for a period of 

§ time sufficient to cause removal of arsenic ions to the desired concentration ranges. TypicaUy 

!| about 5-30 minutes is sufficient to cause precipitation to the desired concentration range and/or 

^ stabiUzation of the arsenic when the concentration of arsenic in solution is between 12-100,000 

The process of this invention can be used to remove arsenic from solutions that contain 
1^ one or more species of arsenic. 

g AP^^fe^^edprocessofthisinventioninvolvesadjustingtiiepHofthesolutiontobetween 
pp . 6 and about 10. adding 1000 moles of lanthanum for every mole of arsenic ions present in 
solution, and adding about 5 to about 6 moles of ferric ions for every mole of arsenic ions 
present in solution. The chlorides form metal salt hydroxide-gels which stabilize flie arsenic. 

The invention is further illustrated by the following non-limiting sKamples. 

In the examples below, bulk synthetic solutions were prepared for arsenic. All bulk 
sohitions were made using deionized water. The lanflianum chloride used can be pure lanthanum 
chloride or lanthanum carbonate treated with hydrochloric acid. Ferric chloride can be obtained 
from a variety of commercial sources. The schematic of a preferred embodiment is given in 
Figure 1. 
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Example A. Removal of Arsenic from Synthetic Solations 

Arsenic removal fiom synthetic solutions was conducted using different precipitating 
chemicals. Initial aisemc concentration in the solution was maintained at 100 ppb, and pH was 
adjusted to 6-8.5 using lime and/or sodium hydroxide. After the addition of regent, the mixture 
was conditioned for 10 minutes. It was filtered through a previously prepared 2" thick filter bed 
made by DE. The DE filter bed was made by filtering 4 gms of DE conditioned in 500 cc of 
water m a 4" diameter filter crucible. A coarse filter paper was used to form the filter bed using 
a vacuum filter. The solution was filtered using a vacuum filtration system. 

Results obtained with the direct addition of different precipitating agents are given in 
Table 1. 
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Table 1. Arsenic Removal from Synthetic Arsenic Solution 



Reagent, 
Addition, gm 


pH 


&iitial As. Dob 


^ lAACtit ^^0^ LIULI 


/o JxeiDoveQ 


.25 gm LaCU 


8.5 


100 


26 


74 


.25 gm FeQa 


8.18 


100 


11 




.25gmAia3 


8.69 


100 


12 


oo 


.25 gm La2(C03)2 


8.8 


100 


15 


85 


,25 gm La(N03)3 


7.81 


100 


57 


43 


.25gmFe2(S04)2 


7.8 


100 


55 


45 


.25gmMgCl2 


9.11 


100 


42 


58 


.25 gm BaCl2 


8.84 


100 


52 


48 



Results showed that arsenic can be removed by addition of chemical agents. Removal 
efiBciencies are between 43% - 89%. 

Example B. Arsenic Removal with Precipitated Mixed Hydroxides FoHowed by 
DE-Precoat FQtration 

* Precipitated Ferric Hydroxide 



0.25 gm FeCla was dissolved in 100 cc of water. Ferric hydroxide was precipitated at pH 
7.53 using lime. Different amounts of wet hydroxides were added to a 500 cc synthetic solution 
of arsenic. After 10 minutes conditioning time, it was filtered using a DE pre-coat filter. Results 
are given in Table 2. 



Table 2. As Removal with Precipitated Ferric Hydroxide 



Amount Added, gm 


pH 


Initial As, ppb 


Final As, ppb 


1 


8.24 


100 


6 


.5 


7.86 


100 


24 


.25 


8.11 


100 


35 
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As can be seen, 1 gm of precipitated ferric hydroxide can reduce the As level below 10 
ppb. A low amount is not as effective as a high amount 



• Precipitated Lanthanum Hydroxide 

Lanthanum hydroxide was prepared from lanthanum chloride and/or lanthanirai nitrate by 
adding lime at pH 10.0. .5 grams of lanthammi salts were dissolved in 100 cc of water. 
Precipitate was collected after filtration. One gram of wet precipitate was added to 500 cc of 
arsenic containing solutions. Results are shown in Table 3. 
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Table 3. Removal of Arsenic from Synthetic Solution nsing Lanthanun Hydroxide 



Amount 
Precipitated, gm 


pH 


Initial As, ppb 


Final As, ppb 


1 


7.49 


100 


15 


1 


8.12 


100 


32 



Results showed that lanttianum hydroxide is capable of removing arsenic from synthetic 
solution. 



• Mixed Precipitated Hydroxides of Iron and Lanthanum for As Removal 

Mixed hydroxides of iron and lanthanum were prepared by mixing FeCls and LaCla 
(prepared from lanthanum carbonate) by adding lime at pH ranges of 8-9, Mixed precipitate was 
prepared at three different weight ratios of Fe to La. Different amounts of precipitate were added 
to a synthetic solution containing 100 ppb of arsenic and mixed for 10 minutes. Results are 
shown in Table 4 



Schedule A : Fe:La Weight Ratio 1:1 Prepared by mixing 0.25 gm FeCla plus 0.25 gm 
La2(C03)3 in HCl and then pH raised to 8.84 with lime 
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Schedule B : Fe:La Weight Ratio 2:1 Prepared by mixing 0.25 gm FeCls and 0.125 gm 
La2(C03)3 in HCl and then pH raised to 8.2 with hme 

Schedule C : Fe:La Weight Ratio 1:4 Prepared by mixing 0.25 gm FeCls and 0.625 gm 
La2(C03)3 in HCl and then pH raised to 8,6 with lime 



Table 4. Effect of Mixed Hydroxides on As Removal from Synthetic Solution 



Schedule Type 


Amount of Precipitate 
Added, gm 


Initial As» ppb 


Final As, ppb 


AG:!) 


1 


100 


7 


.5 


100 


57 


.25 


100 


74 


B(2:l) 


0.5 


100 


25 


0.25 


100 


45 


C (1:4) 


0.5 


100 


29 


0.25 


100 


25 



Infixed hydroxide-gels of iron and lanthanum are effective to remove arsenic. Different 
ratios of ferric and lanthanum can be mixed to remove different amoimts of arsenic. At a ratio of 
1 :1, 1 gm of mixed precipitate can effectively decrease arsenic from 100 ppb to 7 ppb. 



Example C. Enhanced Coagulation of Arsenic from Femley Drinking Water witihi 
Precipitate Hydroxide-gel Followed by DE Pre-coat Filtration 

In these tests, drinking water obtained from a well in Femley, Nevada was tested. The 
direct addition of chemical coagulant for arsenic has several disadvantages. They are: 

(1) needs longer conditioning to precipitate and coagulate arsenic; 

(2) anions such as chlorides^ snl&te or nitrates are released to drinking water which 
needs to be removed; 

(3) bonding of arsenate is not strong; 

(4) pH control is required to coagulate arsenate and arsenite ions; 
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(5) excessive reagent demand; 

(6) size of a coagulant is small during direct addition; As a result, incomplete 
removal of arsenic may occur during separation. 

In order to avoid the above mentioned problems and increase the arsenic removal 
efiBciency, a novel precipitated hydroxide-gel coagulant process has been developed. This 
process is uniquely suitable for inexpensive pre-coat filtration using DE material. Results 
obtained with lanthanum hydroxides in combination with other hydroxides are given below in 
Tables 5-7. 

• Tests with Pure Lanthanum Hydroxide 

. Five grams of lanthanum carbonate was dissolved in hydrochloric acid at pH 1.0. 
Lanthanum hydroxide was precipitated at pH 10.0 using lime. Precipitate was filtered. Total 
weight of hydroxide was 5 grams (on wet basis). L25 gms of weight of precipitate was added to 
Femley drinking water. The pH was 8.70. After different conditioning times, it was filtered 
through a DE pre-coat filter. Results are given in Table 5. 



Table 5. Arsenic Removal from Fernley Drinking Water 



Time, min. 


Initial As, ppb 


Final As, ppb 


5 


68 


6 


10 


68 


2 


240 


68 


Non-detectable 



As can be seen, direct addition of precipitated lanthanum hydroxide is capable of reducing 
the arsenic level in Femley drinkmg water to less than 10 ppb m 5 minutes. After 10 minutes it 
was.2 ppb. 
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• Test with Pr ecipitated Ferric Hydroxide 

0.25 gms of FeQa • 7H2O was dissolved in 100 cc water. Ferric hydroxide was precipitated 
at pH 7.5 using lime. Total weight ofpredpitate was 2 grams on weight basis. One gram of wet 
precipitate was added to 500 cc of Fetnley drinking water. The pH of the solution was 8.03. 
After the specified conditioning time, it was filtered using DE pre-coat filtration. Results are 
given in Table 6, 



Table 6. As Removal from Fernley Drinking Water with Ferric Hydroxidi 



SI 

fi 



Time, min. 


Initial As, ppb 


Final As, ppb 


5 


68 


15 


10 


68 


6 


240 


68 


5 

■ _ _ 



As can be seen, precipitated fenic hydroxide is enable of removing arsenic ftom drinking 
water. After 10 minutes, the concentration of As was below 10 ppb. 

• Tests with Precipitated T-a nthanmn Hydroxide nlm Figric HvHmy Mf> 

In another experiment, reduced amounts of ferric chloride and lanthanum chloride were 
used for precipitation. In this expaiment. 0.25 gm FoCh - 7H2O and 0.25 gm of LaQj (prepared 
firom LaCQs) were mixed m 100 cc of water. The pH was increased to 8.80 using line. The 
mixed precq>itate was filtered. The total weight of precipitate was 5 grams. 2.5 grams of wei^t 
precipitate was added to tiie Fernley drinking water at a pH of 8.01. After conditioning for a 
specified time, the solution was filtered usmg DE pre-coat filtration. Results are given in 
Table 7. 



Table 7. Arsenic Removal with Mixed Precipitated Hydroxides 



Time, min. 


Initial As, ppb 


Final As, ppb 


5 


68 


18 


10 


68 


7 


240 [ 


68 


5 
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• Precipitated mixed hydroxide-gels of iron and knlhanum can reduce the arsenic level 
helow 10 ppb at a lower concentratioiL 



Effect of Mixed Hydroxide Dosage on Arsaiic Removal 



As described in Table 7, the mixed hydroxide precipitate was prepared by mixing an equal 
weight of FeCla-THaO and LaCh. In another series of experiments, mixed hydroxides were 
prepared by using different iron-to-hydroxide ratios. Different amounts of mixed hydroxides 
were added to Femley drinking water. After mixmg for a specified time, it was filtered using a 
DE pre-coat filter. Results are given in Tables 8-10. 



Table 8. Tests with Ferric Hydroxide (prepared by precipitating 0.25 gm FeCIj with lime at 
pH of 7.5); total precipitate = 2.0 grams (wet); conditioning time = 10 minutes 



Amouit of Ferric Hydroxide 
Qram/500cc 


Initial As, ppb 


Final As, ppb 


1 


67 


6 


0.5 


67 


24 


0.25 


67 


38 



The above results showed that ferric hydroxide concentration should be 1 gm/Uter 
(equivalent to .12 gm Feaa). Below that concmtration it is difficult to reduce As from Femley 
water below 1 0 ppb. 



• Effect of Direct Addition of Ferric Hhloride and Ferric Sulp hate 

In ano&er series of experiments, chemical grade feme chloride and ferric sulfate were 
dkectly added to Femley drinking water. The pH of the water was increased to 8.2 with hme 
and it was mixed for 30 minutes. After 30 minutes of mixing, it was filtered through the 
previously prepared DE-bed. 
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Table 9. Tests with FeCb (alone) and FeS04 direct addition; Fernl^ water SOOcc 



oaiT, gms 


imnal As 


Fmal As 








FeCii (.25 gm) 


67 


11 (5min) 


FeCla (.25 gm) 


67 


<10 (lOmin) 


FeS04 (.25 gm) 


67 


21 (5 min) 


FeS04 (.25 gm) 


67 


<10 (10 mm) 



These tests show that FeCb or FeS04 direct addition caa decrease As concentration below 
10 ppb. However, a higher amount of ferric chloride is needed as compared to hydroxides. 
Further, longer mixing time and pH adjustment is required* The disadvantage of the ditect 
addition is that the chloride and sulfate ions present in water have to be removed 



Table 10. Tests wifh Combined Ferric Hydroxide plus Lanthanum Hydroxide Prepared 
by mixing 0.25 gm "L^ziCOzh ptas 0.25 gm FeCIs; Total hydroxide = 5 gms (wet 
basis) 



Amount of ppt, gm 


Mtial As Concentratioii, ppb 


Final As Concentration, ppb 


1 


67 


7 


.5 


67 


57 


.25 


67-68 


67-68 



As can be seen, 1 gm of combined hydroxide-gel precipitate can decrease As concentration 
below 10 ppb. Lower concentration of precipitate is ineffective. 
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Table 11. Tests with Combined Lanthanum HydroJdde and Ferric Hydroxide at Lower 



Concentration; (.125 gm La2(C03)3 plus 0.25 gm FeCla; total ppt = 1.6 gm) 



Amount of ppt, gm 


loitial As Concentration, ppb 


Final As Concenttatioii, ppb 


.5 


67 


29 (5 min) 


.5 


67 


10 (10 min) 


.25 


67 


25 (5 min) 


.25 


67 


23 (10 min) 



These results show that small additions of La(0H)3 will decrease FeCb addition to achieve 
10 ppb. 



Example D. Scale-up Test Using Mixed Hydroxides 

A series of experiments were conducted using five gallons of Femley drinJdng water, in 
this case, hydroxide-gels prepared by mixing lanthanum ctiloride and ferric chloride in a ratio of 
1:4. In one case, precipitation of hydroxides was conducted using chemical grade lime and in 
another case, chemical grade MgO was used. 

Arsenic removal as a function of hydroxide-gel addition is given in Figure 2. As can be 
seen, hydroxide precipitate prepared using lime and MgO are effective in removing arsenic from 
water. However, hydroxide-gel prepared using lime is more effective than that of the precipitate 
prepared using MgO. 

Example £. DE-coated Hydroxides (La + Fe) Tests 

In these tests, lanthanum and iron hydroxides were precipitated at a ratio of 1:4 weight 
percent, respectively. Precipitation of hydroxides was conducted using lime at pH 9-10. 
Precipitates were filtered using the DB-pre coat filtration method. The DB-precoat filter bed was 
prepared by mixing 4 grams DE in 500 cc of water and filtering the mixture througjh a filter 
device. The thickness of the bed was around 1 inch thick. DE-coated hydroxide precipitate was 
used in die arsenic removal test Results are given in Table 12. 
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Table 12. ConditioKis: 500 cc Fernley Drinking Water; pH » 836 





xuiuai As^ PP" 


Time^min 






3 gms, DE-coated 
nyciroAiucs \ju8l ^ vgj 


93 


5 


8 


91.3 


3 gms DE-coated 
hydroxides (La + Fe) 


93 


10 


6 


93.5 


^ erm^ DF-coated 
Hydroxide (Laathanum 
Hydroxide only) 


93 


5 


12 


87.0 


3 gms DE-coated 
Hydroxide (Lanthanum 
Hydroxide only) 


93 


10 


10 


89.2 



These experiments showed that DE-coated lanthanum iron hydroxides as well as DE- 
coated lantibianum hydroxide are efficient in removing ars^c firom drinking water. 



Example F. Tests with Chlorinated Drinkmg Water Using Different Hydroxides 

Chlorinated drinking water was collected fiom the Femley Water Treatment Facility. 
Ars^c removal tests were conducted using different hydroxides prepared in the laboratory. 
Experimental results are given in Table 13. In this case hydroxide-gels were prq3ared from 
commercial grade lanthanum carbonate by mixing with ferric chloride and precipitated with 
lime. 
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Table 13. Conditions: 500 cc of Fernley water; pH = 6.7 



* Amount of hydroxide- 
gels added, gm 


Initial As, 
ppb 


Conditioning 
time, noin. 


Final As 
Concentration, ppb 


% Removed 


1 gm hydroxides 
(fiom laudiamun 
hydroxides) 


80 


5 


5 


93.7 


1 gm (Iron + 
lanthanum hydroxides) 


80 


10 


<5 


-100 


^5 gm 
aluminum hydroxide 


80 


5 


11 


86.2 


.25 gm aluminum 
hydroxide 


80 


10 


<5 


-100 


1 gm hydroxide 
(aluminum hydroxide + 
lanthanum hydroxide) 


80 


5 


11 




1 gm hydroxide 
(aluminum hydroxide + 
lanthanum hydroxide) 


80 


10 


<5 


100 


1 gm hydroxide ppt 
(aluminum hydroxide + 
iron hydroxide) 


80 


5 


10 




1 gm hydroxide ppt. 

(aluminum hydroxide) 


80 


10 


<5 


100 



i 



Tests conducted witii different hydroxides (prepared from fheir respective salts) were 
effective in removing arsenic from drinking water using DE-precoat j51ters. Arsenic removal 
from chlorinated water is much easier as compared to non-chlorinated water. 
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Example G. Evaluation of Different Pre-coat EOter Materials for As Removal 

In tiie following tests, hydroxide-gels of iron and lanthanum were used to coagulate arsenic 
from water. One gram of the hydroxide-gel sludge prepared by combining fenic chloride and 
l an fliam i m carbonate was added and mixed in 500 cc of Femley water at a pH range of 8.3-8.5. 
Results are given in Table 14. 



SI 



m 



Table 14. Effect of Different Pre-coat FUtering Materials in As Removal after 
Coagulation 



Type of Pre-coat 


Amount of 


Conditioning 


Initial As, 


Final As, 


Materials 


Hydroxide / 
gm 


time, min. 


ppb 


ppb 


DE-bed 




5 


100 


9 


DE-bed 




10 


100 


4 


Cellulose-bed 




5 


100 


29 


Cellulose-bed 




10 


100 


26 


Perlite-bed 




5 


100 


13 


Perlite-bed 




10 


100 


2 



• DE - Eagle-Picher Diatomaceous Earth 

• Cellulose -EagIe-Picher,PB-40M cellulose 

• Perlite - Eagle-Picher, CP-1400 Perlite 



DE was much more effective than either perlite or cellulose. Cellulose was not as effective 
asDE. 

Example H. Evaluation of DE-coated Hydroxide-gel Mixed at Different Ratios 

In another experiment, hydroxide-gels of lanthanum and ferric were filtered through a 
previously prepared DE bed. The DE containing hydroxide-gel was mixed with Femley water 
for a different time. After mixing, it was filtered through a pre-coat DE filter bed. Results are 
given in Table 15. 
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Table IS. DE Containing Hydroxide-gel for Arsenic Removal 





Initial As 


Amoimt of Precipitate 




As flonnftTTfTfltirtn in 




Concentration, ppb 


[DE+La(OH)3] added to 


pH of Solution 


Filtrate after 5 mm. 






solution, gm 




& 10 mm., ppb 




86 


3 


8.45 


9, 8 










Initial As 


Amount of Precipitate 




r\js> v^uucc/nira.u.oii m 




Concentration, ppb 


pE+La(OH)3+Fe(OH)3] 


pH of Solution 


JL JLLULCltw dXkwX ^ III III , 






(La:Fe) (1:4) added 




& 10 mm., ppb 






to solution, gm 








86 


3 


8.31 


7, 6 










Jiutial As 


Amount of Precipitate 




As Concentration in 




Concentration, ppb 


[DE+La(OH)3+Fe(OH)3] 


pH of Solution 


Filtrate after 5 rm'n. 


'■^ 




(LaJe) (1:2) added 




& 10 min., ppb 


14 




to solution, gm 








86 


3 


8.45 


5, 4 



@ Results given in Table 15 showed that DE-containing hydroxide-gels are powerful 

g coagulants for removing arsenic fiom drinking water. II is seen tihat a DE-precoat filter is 
uniquely suitable for DE-containing hydroxide-gels. 



All references cited herein are hereby incorporated by reference to the extent not 
inconsistent with the disclosure herewith. Although this description contains many specificities, 
tiiese should not be construed as limiting the scope of the invention, but merely providing 
illusbations of some of the prefeixed embodiments of the invention. For example, metal salt 
hydroxide gels other than those specifically illustrated may be used. All numerical ranges given 
herein include all values and intermediate ranges. The invention is further described by flie 
Allowing exemplary claims. 
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CLAIMS 

We claim: 

1. A method of removing arsenic fixmarsemic-c(Mitainiiigw^ contacting 
said water with a composition comprising a metal salt hydroxide-gel; and passing said 
composition througjh a filter, whereby arsenic-rranoved water is formed. 

2. The method of claim 1, wherein said filter is a DE filter bed. 

3. The method of claim 2, wherein said filter is a DE filter bed coated with a metal salt 
hydroxide-gel. 

4. The method of claim 1, further comprising precipitating said metal salt hydroxide-gel prior 
to contacting said wata: with said composition. 

5. A method of removing arsenic from arsenic-containing water con^rising: coating DE with 
one or more metal salt hydroxide-gels to form DE pre-coated hydroxide-gels; and contacting said 
arsenic-containing water witii said DE pre-coated hydroxide-gels. 

6. The method of claims 1 or 5, wherein said metal salt hydroxide-gel is precipitated fiom a 
member of tiie groiq> consisting of: lanthanum chloride, lanthanmn nitrate, lanthannm carbonate, 
feme chloride, ferric sulfete, magnesium chloride, magnesium nitrate, magnesium carbonate, 
aluminum chloride, aluminum nitrate, aluminum sulfate, and sodium alummate. 

7. The method of claim 6, wherein said composition conq»rises more than one diflferent metal 
salts. 

8. The method of claim 1, wherein said composition is contacted with said arsenic-containing 
water at a pH from about 2 to about 14. 

9. The melhod of claim 1 or 5, wherem said arsenic-containing water contains arsenic at a 
concentration of about 10 ppb to 100 ppm. 
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1 0. The method of claim 9, wherein said arsenic-containing water contains one or more 
members selected from the group consisting of: arsenite, arsenate, arsemte and arsenate. 

1 1 . The method of claim 1 0, wherein said arsenic-containing water comprises one or more 
members of the group selected from: raw water, well water, drinking water, and process water. 

12. The method of claim 1 1, wherein said composition is contacted with said arsenic- 
containing water for a time of between about 1 minute to about 6 minutes at a pH between about 
3 and aibout 12. 

13. The method of claim 1 or 5, wherein said metal salt hydroxide-gel comprises lanthanum 
and iron. 

14. The method of claim 1 or 5, wherein said lanthanum and iron are added to said watex at 
weight ratios of between about 1:1 and 1:10 of lan1ii a n\im:iron. 

1 5 . The method of claim 1 or 5, wherein said filter is selected from the group consisting of: 
diatameous earfh (BE), cellulose, andperlite, 

16. The method of claim 1 wherein said contacting step is performed using a member of the 
group consisting of: mechanical mixing, ultrasonic mixing, mixing in-line using an atomizer, 
mixing in-line using venturi and using metering pumps. 

17. The method of claim 1 or 5, wherein said metal salt hydroxide-gel is lanthanum hydroxide, 

18. ^ The method of claim 1 or 5, wherein said metal salt hydroxide-gel is a rare earth hydroxide 

19. The method of claim 1, further comprising separating the arsenic-removed water from 
said filter. 
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20. The method of claim 1 9, wherein said separating step is perfomied using DE-assisted 
settling or DE-assisted centrifuge. 

21. The method of claim 19, wherein said separating step is performed using settUng or 
flotation of hydroxide-gels. 

22. The method of claim 2, wherein said filter is DE coated on a polyethylene filter screen. 
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ABSTRACT 

• A method of removing arsenic from water includes mixing precipitated hydroxide-gels 
prepared from lanthanmn and ferric is provided. The arsenic present in water is adsorbed onto 
the hydroxide-gels which can effectively be filtered through a pre-coat diatomaceous earth (DE) 
filtration bed. The combination of DE mixed hydroxide-gels is also effective in removing 
arsenic from water. 
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